and White, 1996) . It is cultivated throughout the dry, wet, tropical, and subtropical regions with relatively high humidity, average annual rainfall as low as 200 mm, and marginal to well-drained soils with pH ranging from 6.0 to 7.0 (NAS, 1979; Cook et al., 2005; Treadwell et al., 2009) .
Sunn hemp has been cultivated in pure stands to be fed as fresh forage and harvested for haymaking in Southeast Asia (NAS, 1979; Rotar and Joy, 1983; Burke et al., 2011) . However, sunn hemp has been a minor crop in the United States, although its utilization began in the early 1930s, potentially for green manure and nematode control (Cook and White, 1996) . Sunn hemp has not received widespread use as forage, possibly due to its inability to produce viable seed in subtropical and temperate regions (NAS, 1979; Mosjidis, 2014) . However, recently developed cultivars can produce seeds (Mosjidis, 2014) and be a valuable forage source (Mosjidis et al., 2012) .
Herbage accumulation and nutritive value are important attributes of forage species. Previous research suggests that sunn hemp accumulates a large amount of biomass and has regrowth potential after initial harvest due to axillary buds breaking dormancy, forming primary and secondary branches (Abdul-baki et al., 2001; Schomberg et al., 2007; Cho et al., 2015) . This is especially important in legume forages that will be harvested multiple times, contributing to increased total herbage accumulation in the growing season. Research has also indicated the nutritive value of sunn hemp to be sufficient for providing high-quality forage that meets nutritional requirements for beef and dairy cattle (Katiyar and Ranjhan, 1969; Mansoer et al., 1997; National Research Council, 1989) . The questions are how will sunn hemp perform under varying management practices in temperate environments during summer, and can sunn hemp be used to fill the void created by low productivity of cool-season grasses? Detailed information on general agronomic characteristics and harvest management practices for optimizing nutritive value, herbage accumulation, and regrowth of sunn hemp is necessary to adopt and use this legume as forage in temperate or cool-season forage-livestock systems. Our objective was to evaluate the effect of cutting heights and harvest regimens on herbage accumulation, nutritive value, and regrowth of sunn hemp.
MATERIALS AND METHODS

Environmental Conditions
The study was conducted during the summer growing seasons ( July-September) of 2014 and 2015 at the Bradford Research Center, University of Missouri, Columbia, MO (38°53´ N, 92°12´ W; 271.3 m asl). Soils at the experimental site were characterized as Mexico silt loam (fine, smectic, mesic, Aeric Vertic Epiaquafs), somewhat poorly drained with 1 to 3% slope and very slow (0.00-1.52 mm h −1 ) permeability (USDA-NRCS, 1998). Four core soil samples were collected from each of the six individual plots approximately at 15 cm deep and mixed thoroughly to obtain a representative composite sample for analysis. Soil test results reveal pH 6.3, 4.2% organic matter, 8 mg P kg −1 (Bray-1 P), 69 mg K kg −1 (ammonium acetate), 170 mg Mg kg −1 (ammonium acetate), and 2104 mg Ca kg −1 (ammonium acetate). Average maximum and minimum temperatures during the June through October growing season were 27.9 and 16.9°C, respectively. The amount of rainfall and distribution varied within and between years (Table 1) . Total precipitation during the sunn hemp growing season ( June-October) in 2014 and 2015 was 15.6 and 18.8% greater than the 16-yr average, respectively. Growing degree days (GDD) were calculated as [(T max + T min )/2] − 10°C, where T max and T min were daily maximum and minimum recorded temperatures, respectively. The base temperature for growth of sunn hemp used in the calculation was 10°C (Balkcom et al., 2011) . Growing degree day accumulation increased linearly for the period of initial harvest and decreased for the period of regrowth harvest (Table 2) .
Experimental Design and Planting
The experiment consisted of three treatments (harvest type [initial and regrowth] , cutting height [15 and 10 cm], and days after planting [DAP; 35, 45, and 55 DAP] ) and was a two-bytwo-by-three factorial experiment in a randomized complete block design with six replications established in plots measuring 3 by 24 m during the summer of 2014 and 2015. Experimental fields were prepared following conventional tillage (cultivator Table 1 . Monthly precipitation records for June through October 2014 October and 2015 October growing seasons, and 16-yr (2000 October -2015 averages. model. Therefore, all data were analyzed by ANOVA using the MIXED procedure of SAS version 9.4 (SAS Institute, 2013) within each year, with data and results presented by year. Regression procedures were used to relate DAP with all dependent variables (herbage accumulation, CP, NDF, ADF, IVTD, and NDFD), and the simplest best-fit linear regression equations were determined. All treatment differences were considered significant if P ≤ 0.05.
RESULTS AND DISCUSSION
Herbage Accumulation
There was a significant harvest type × DAP interaction for sunn hemp herbage accumulation (Table 3) , with a positive linear increase for initial harvest ( Fig. 1A and 1B (Table 4 ). There was no significant effect of cutting height on herbage accumulation in 2014 (Table 3) . However, as expected, herbage accumulation was significantly (P = 0.01) greater (by 18%) for 10-cm cutting height than for 15-cm cutting height in 2015. Among other interactions, significance at the P ≤ 0.05 level was observed only for 2015 harvest type × height interactions (Table 3) .
Sunn hemp herbage accumulation (1.9 and 3.1 Mg ha −1 at 45 and 55 DAP, respectively) were comparable with reported values (1.3-4.9 Mg ha −1 ) at 42 to 49 DAP in Alabama (Mansoer et al., 1997 ) and 1.6 Mg ha −1 in Florida at 42 DAP (Cho et al., 2015) . Both of these locations favor sunn hemp growth as they are characterized by a hot and humid subtropical climate. However, others reported greater herbage accumulation. Schomberg et al. (2007) at a piedmont and a coastal plain in Georgia observed herbage accumulation ranging from 8.9 to 13.0 Mg ha −1
. Herbage accumulation up to 6.6 Mg ha −1 was obtained in Alabama following different planting dates and seeding rates (Balkcom et al., 2011) , and 12.2 Mg ha −1 was obtained at 98 DAP in northern Florida (Cherr et al., 2006) . Planting dates reported by Balkcom et al. (2011) were 8, 11, 22, and 26 June; 17, 22, and 31 August; and 5 September at the seeding rates of 17, 34, 49, and 66 kg ha -1
. Similarly, Cherr et al. (2006) reported planting dates as 7 August and 19 July. Sunn hemp herbage accumulation differed within the same climatic environment depending on management practices, and greater herbage accumulation of sunn hemp was attributed to accumulated GDD and precipitation typical of tropical conditions (Cherr et al., pass with harrow) using a disc harrow. No supplemental fertilizer, irrigation, or weed control measures were applied in either year to evaluate adaptation of sunn hemp to local edaphic and climatic conditions under low-input systems. Planting dates differed between years because of incessant rainfall in 2015 leading to hypoxic conditions that caused poor seed germination. The planting date occurred on 30 July in 2015, which differed from the targeted planting date of 10 July in 2014. Forage-type sunn hemp cultivar Tropic Sun seeds were inoculated with a commercial peanut (Arachis hypogaea L.) inoculant (Molokai Seed Company) containing Bradyrhizobium spp. (Vigna) and drilled at the rate of 22.5 kg ha −1 using a no-till drill (Flex-II, Truax Company) ~2.5 cm deep at a row spacing of 0.20 m.
Harvest Scheduling and Sampling
Aboveground biomass samples for herbage accumulation and forage nutritive value determination were collected at 35, 45, and 55 DAP. All plants from two randomly selected interior 1-m 2 areas were clipped at 15 and 10 cm above the ground from each plot. Sampling within 0.5 m of the edges of each plot was avoided to eliminate border effects. Samples from each plot were collected from different locations at each sampling date. Regrowth samples were collected 20 d after each initial harvest (erroneously remaining stubbles from the initial harvest were harvested along with the regrowth as a part of herbage sample). Initial harvest from two cutting heights and harvests from regrowth are hereafter referred to as "harvest types." Fresh weights of all samples were immediately taken after the harvest, freeze dried for 7 d, and weighed to determine percentage partial dry matter (DM). Samples were ground to pass a 1.0-mm screen in a Wiley cutting mill for laboratory and total DM determination. Partial, laboratory, and total DM were determined following procedures outlined by Undersander et al. (1993) . Herbage accumulation (kg DM ha −1 ) was calculated as a product of total DM (%) and fresh weight of samples (kg ha −1 ) and reported as megagrams per hectare. Ground samples were used for subsequent laboratory analysis.
Laboratory Analysis
Laboratory DM content (%) on all ground forage samples was determined for each sampling date. Briefly, 2 g of ground sample was dried at 100°C for 24 h and weighed to calculate laboratory DM content. All samples were then analyzed for N content using an Elementar vario MACRO cube C-N analyzer (Elementar Analysensysteme), and N content was multiplied by a factor of 6.25 to determine crude protein (CP) on a DM basis using the laboratory DM content. Fiber was determined using an ANKOM 2000 fiber analyzer by sequential heat-stable bacterial amylase-treated neutral detergent fiber-acid detergent fiber (NDF-ADF) with Na 2 SO 3 batch procedures as outlined by ANKOM Technology Corporation. Forage in vitro true digestibility (IVTD, 48 h) was determined using the Daisy II system (ANKOM Technology Corpation). The NDF digestibility (NDFD, 48 h) was calculated according to Mertens (2006) .
Statistical Analysis
There were significant year × treatment interactions on response variables when data were analyzed with year in the 2006). Sunn hemp herbage accumulation increased with maturity, which could be attributed to greater GDD (Table 2 ). However, herbage accumulation for regrowth was greatest after the initial 35-d harvest and decreased with subsequent harvest dates as GDD declined, which was indicated by low R 2 (0.38 and 0.21) for DAP. Despite low-input management, climatic fluctuations, and unfavorable weather conditions that likely did not favor sunn hemp growth in our study, herbage accumulation was still comparable with locations that favored sunn hemp growth. Sunn hemp is highly sensitive to hypoxia even during temporary flooding and will reduce plant stand drastically with prolonged flooding (Mosjidis et al., 2013) . Greater precipitation during the early establishment stage coupled with low soil permeability and drainage (not measured) could have resulted in unfavorable conditions, resulting in lower herbage accumulation. Waterlogged soils reduce rhizobia levels in nodules, subsequently limiting the amount of fixed N available to support plant growth (Toomsan, 1990) . Although sunn hemp is adapted to poor fertility soils in the tropics (Rotar and Joy, 1983) , specific nutrients such as P and K might be necessary for optimum growth. Application of K fertilizer increased nodule formation (Saha et al., 2013) , whereas deficiency inhibits photosynthesis and, thus, the ability to accumulate DM (Marschner, 1995) . In general, P promotes lateral bud development (Hewitt and Smith, 1975) , which is especially important in legume forages that will be harvested more than once in the season. The soil in our experimental site was medium testing, and no supplemental fertilizer or weed management practices were applied throughout the growing season. It is possible that we could have observed greater productivity with greater inputs.
Crude Protein Concentration
There was a significant harvest type × DAP interaction for sunn hemp forage CP concentration (Table 3) , with a decreasing linear trend (Fig. 1C and 1D ), accounting for only 52.8 and 34% variations due to DAP for initial and regrowth harvests in 2014, and 46 and 76% variations due to DAP for initial and regrowth harvests respectively for 2015 (Table 4) . Sampling dates did not strongly explain the variations for CP concentrations in both harvests in 2014. A greater R 2 (0.76) for regrowth CP in 2015 indicated that there was a greater rate of decline in CP concentration (Table 4) , as explained by late planting and sampling dates, which were associated with lower GDD (Table 2) . Across years, CP values declined at rates of 2.2 and 2.6 g kg
, respectively, for initial and regrowth harvests (Table 4 ). There was no significant effect of cutting height on CP concentration for both years (Table  3) . However, a harvest type × cutting height interaction was observed only for 2015 (Table 3) .
Across years, forage CP concentrations were 144 and 110 g kg −1 DM for initial and regrowth harvests, respectively (Table 3 ). The lower CP concentration and greater rate of decline from regrowth harvest was likely because remaining stubbles from initial harvest were erroneously included among the regrowth biomass during 
Fiber Concentrations
Harvest type and DAP main effects for NDF values were significant in 2014 (Table 3) , with a positive linear trend accounting for 50 and 66% variation due to sampling date in initial and regrowth harvests, respectively (Table 4) . Similarly, harvest type and DAP main effects for ADF values were significant in 2014 (Table 3 ) with a positive linear trend accounting for 65% variation due to DAP for each harvest (Table 4) . However, significant harvest type × DAP interaction was observed for forage fiber concentrations in 2015 (Table 3 ) with a positive linear trend accounting for 74 and 76% variation in initial and regrowth harvests, respectively, for NDF ( Fig. 2A and 2B ), and 75% variation in each harvest for ADF ( Fig. 2C and 2D ). Across years, NDF values increased at a rate of 6.6 and 11.8 g kg −1 d −1 for initial and regrowth harvests, respectively, and ADF values increased at a rate of 6.8 and 9.9 g kg −1 d −1 for initial and regrowth harvests, respectively (Table 4) .
Across years, forage fiber concentrations from initial harvests were 396 g NDF kg −1 and 308 g ADF kg −1 DM, and regrowth harvest fiber concentrations were 609 g NDF kg −1 and 496 g ADF kg −1 DM. Fiber concentrations increased with maturity, likely because leaf/stem ratio decreased (Mansoer et al., 1997) . Comparatively, greater fiber concentration from regrowth harvests than from initial harvests was likely because remaining stubbles from initial harvests were erroneously included among the regrowth biomass during sampling and processing.
Forage NDF is the major determinant that affects feed intake and rumen fill in high-producing cows (Kendall et al., 2009) . Although greater NDF content lowers DM intake, greater rumen retention associated with it will sampling and processing. The greatest CP concentration was observed at 35 DAP and decreased with maturity, likely attributed to reduced stem/leaf ratio (Table 3) . Overall, the CP concentration in sunn hemp from our study was less than values reported (209-360 g kg −1
) by Mansoer et al. (1997) for sunn hemp seeded after summer corn harvest across year, location, and maturity. This is likely because our values were derived from whole-plant analyses, whereas values derived from Mansoer et al. (1997) included only leaves. The leaf fractions of legumes typically have greater N concentrations than stem and root fractions, making whole-plant N and thus CP concentrations greater during early maturity (Muller et al., 1988) . However, by comparison across locations, years, and four cultivars, CP concentrations of alfalfa (Medicago sativa L.) ranged from 175 to 234 g kg −1 (Grev et al., 2017) , which were within the range of CP values recorded for sunn hemp leaves (Mansoer et al., 1997) . Moreover, the rate of decline in CP concentration for 35-d-old alfalfa herbage was calculated at 2.8 g kg −1 d −1 (Fick and Onstad, 1988) , which was comparable with the rate of decline of regrowth harvest in our study. On the other hand, coolseason species like tall fescue provide only 100 g CP kg −1 DM during summer (Matches, 1979) , which is less than CP concentrations for sunn hemp harvested as whole plants or only leaves. By this measure, the CP concentration of sunn hemp was great enough to support most size classes of cattle that would require CP concentrations ranging from 70 g kg −1 for mature beef cows to 190 g kg −1 for high-producing dairy cows (Buxton, 1996; National Research Council, 2000) . increase total tract digestibility of NDF (Kendall et al., 2009 ). On the other hand, since fiber is generally less fermentable than nonfibrous feed constituents such as starch and sugars, fermentable energy decreases with increased fiber content (Allen, 1996) . For instance, the optimum NDF that will maximize energy intake in early-lactating cows ranges from 25 to 35% of DM (Allen, 1996) . The National Research Council (1989) recommends a minimum 25% NDF and 21% ADF in balancing rations. Considering fiber from sunn hemp in our study, concentrations were greater than recommended for balancing rations. However, this recommended concentration can be met by sunn hemp leaves, in which mean NDF values ranged from 244 to 373 g kg −1 and ADF values ranged from 189 to 289 g kg −1 between 42 and 84 DAP (Mansoer et al., 1997) . By comparison, forage alfalfa contains 380 g NDF kg −1 and 280 g ADF kg −1 DM in the early vegetative stage (Mansoer et al., 1997) . Conversely, mean NDF and ADF values of cool-season grasses like tall fescue during the dormant stage (July-August) were 548 and 321 g kg , respectively (Sleper and West, 1996) , which were substantially greater than mean values recorded for sunn hemp (396 and 308 g kg −1 , respectively) during the same period. Moreover, maximum allowance of cell wall concentration in diets of mature beef cows that will not hinder production and intake can be as high as 700 to 750 g NDF kg −1 DM and, at minimum, 150 to 200 g NDF kg −1 DM for finishing ruminants (Buxton, 1996) . By these measures, sunn hemp could serve as a quality forage to meet fiber concentration requirements of specific classes of cattle during summer months.
Forage Digestibility
There was a significant harvest type × DAP interaction for IVTD (48 h) of sunn hemp forage in 2015 (P < 0.01), but no significant interaction effects observed in 2014 (P = 0.24) (Table 3) . Forage IVTD values showed a negative linear trend ( Fig. 3A and 3B ), accounting for 76 and 73% of the variation due to DAP, respectively, for initial and regrowth harvests in 2014 (Table 4) . Similarly, IVTD values showed a negative linear trend (Fig. 3A and 3B ) accounting for 74 and 82% variation due to DAP, respectively, for initial and regrowth harvests in 2015 (Table 4) . Across years, forage IVTD declined at a rate of 5.9 and 11.2 g kg −1 d −1 (representing 14 and 31% decreases) from 35 to 55 DAP for initial and regrowth harvests, respectively ( Fig. 3A and 3B ). There was no significant effect of cutting height on forage IVTD in both the years, but a significant harvest type × DAP ×cutting height interaction was observed in 2015 (Table 3) .
There was a significant harvest type × DAP interaction for forage NDFD (48 h) in both years (Table 3) . Forage NDFD for initial and regrowth harvests decreased linearly ( Fig. 3C and 3D) , accounting 68 and 40% of variation due to DAP in 2014 (Table 4) . A weaker response of regrowth NDFD to DAP indicated that there might be other factors like GDD associated with DAP to account for the variation (Table 2) . Similarly, NDFD for initial and regrowth harvests decreased linearly (Fig. 3C and 3D ), accounting for 23 and 74% variation due to DAP in 2015 (Table 3) . A weaker response of initial harvest NDFD to DAP was most likely associated with declining GDD in 2015 due to late planting and sampling dates (Table 2) . Across years, forage NDFD decreased at a rate of 6.4 and 6.5 g kg −1 d −1 (representing 24 and 29% declines) from 35 to 55 DAP for initial and regrowth harvests, respectively ( Fig. 3C and 3D ). There was no significant effect of cutting height on forage NDFD in both years (Table 3) . However, there was a significant harvest type × height interaction in 2015 (Table 3) .
Across years, forage IVTD concentrations from initial and regrowth harvests were 794 and 624 g kg −1 DM, respectively, and NDFD concentrations were 485 and 390 g kg −1 DM from initial and regrowth harvests, respectively. Both IVTD and NDFD decreased with maturity, likely because leaf/stem ratio decreased (Mansoer et al., 1997) , which increased cell wall components. Comparatively, lower fiber digestibility from regrowth than initial harvests was likely because remaining stubbles from initial harvest were erroneously included among the regrowth biomass during sampling and processing.
Forage digestibility is affected by the proportion of cell wall components (hemicellulose, cellulose, and lignin), which are negatively correlated with digestibility (Buxton, 1996) . Cell wall constituents increase with crop maturity (Nelson and Moser, 1994) , and the concomitant increase in lignin decreases digestibility. By comparison, tall fescue cultivars maintained an IVTD of ~806 g kg −1 during summer (Billman et al., 2017) , which was greater than that of sunn hemp (794 g kg −1
) during the same period. Since digestibility is affected by lignin concentration in the forage fiber, the lower lignin concentration in sunn hemp forage leaves (Mansoer et al., 1997) than for whole-plant sunn hemp probably increased IVTD. Increased NDF digestibility is associated with greater DM intake and animal production (Kendall et al., 2009) . It has been estimated that increases of 0.17 kg d −1 of DM intake, 0.23 kg d −1 of milk yield, and 0.25 kg d −1 of 4.0% fat-corrected milk were associated with every one-unit increase in forage NDFD (Oba and Allen, 1999) . Neutral detergent fiber digestibility of different forage types can range from <25 to >75% (NRC, 2001) . By comparison, assessed across four locations, 2 yr, and four cultivars in Minnesota, NDFD concentrations of alfalfa ranged from 278 to 453 g kg −1 (Grev et al., 2017) , which was in fact lower than the NDFD values recorded for whole-plant sunn hemp in the current study. Conversely, whole-plant sunn hemp NDFD (485 g kg −1 NDF) could be associated with lower DM intake than tall fescue, which has NDFD of 590 g kg −1 NDF during summer months ( Jensen et al., 2016) . However, increased voluntary DM intake with diets containing less dietary NDF (Kendall et al., 2009) suggests that cattle selecting sunn hemp leaves with lower NDF content would likely increase DM intake.
CONCLUSIONS
Sunn hemp has a considerable yield potential and can be grown from mid-July through September under warmtemperate climatic conditions. Sunn hemp grown in a low to medium testing soil in a low-input system demonstrated herbage accumulation and nutritive values adequate to support livestock production. This suggests that sunn hemp is a promising crop for summer forage production in cool-season-based temperate forage-livestock systems. Nutritive values of sunn hemp in the current study were generally unaffected by cutting height. However, harvesting the crop at 15-cm stubble height may provide increased yield of subsequent regrowth biomass. Although herbage accumulation increased with maturity, nutritive value of sunn hemp will be compromised with increased maturity. Our results suggest that herbage accumulation and nutritive value of sunn hemp can be best optimized by harvesting the crop between 35 and 45 DAP and leaving at least 10 cm of residue to allow for regrowth. Future research should include evaluation of yield potential, regrowth potential, and seasonal persistence in a grazing system to further determine the suitability of sunn hemp as forage in temperate, cool-season forage-livestock systems. 
